To assess changes in the use of endoscopic retrograde cholangiopancreatography (ERCP), intraoperative cholangiography (IOC), and surgical exploration of the common bile duct (CBD) associated with the introduction of laparoscopic cholecystectomy (LC).
Objective
To assess changes in the use of endoscopic retrograde cholangiopancreatography (ERCP), intraoperative cholangiography (IOC), and surgical exploration of the common bile duct (CBD) associated with the introduction of laparoscopic cholecystectomy (LC).
Summary Background Data
The optimal strategy for dealing with potential stones of the CBD during LC remains controversial.
Methods
The authors conducted a population-based study of all cases of cholecystectomy (20, 084) in Western Australia in the periods before, during, and after the introduction of LC (1988 -1994) . Index admissions were linked to previous or subsequent admissions for ERCP. Factors associated with ERCP were analyzed by multivariate regression models.
Results
Between 1988 and 1994, admissions for ERCP almost doubled, whereas the use of IOC decreased from 71% to 51%. Different trends were found for open and laparoscopic procedures. Exploration of the CBD declined because of the infrequent use of this procedure in LC. Preoperative ERCP was significantly more common in older patients and men; the reverse was found for IOC. There was an adjusted 3.5-fold increase in preoperative ERCP both during and after the introduction of LC. The adjusted odds ratios for IOC were 0.48 and 0.52 for these periods.
Conclusions
The introduction of LC was associated with increasing reliance on ERCP to image the CBD and a decrease in the use of IOC. These changes were observed in both LC and open cholecystectomy. They suggest that the use of ERCP before cholecystectomy has partly replaced IOC for visualization of the CBD for suspected stones. Although more than 40% of patients undergoing LC had IOC, surgeons appear to be reluctant to perform surgical exploration of the CBD when stones are present. Savings in terms of both complications and cost can be expected if preoperative ERCPs performed for suspicion of uncomplicated CBD stones are replaced by IOC.
We have shown previously that the introduction of laparoscopic cholecystectomy (LC) in Western Australia was associated with a greater than twofold increase in the frequency of major intraoperative injuries. 1 Intraoperative cholangiography (IOC) was associated with a halving of the risk of bile duct injury or major bile leaks, but the frequency of use of this procedure declined during the period of that study. This decline could account for up to one third of the increase in intraoperative injuries. The original indication for performing IOC was to detect common bile duct (CBD) stones at the time of surgery. 2 A further indication for IOC would now seem to be the need to delineate clearly the anatomy of the biliary tree, to confirm that it is intact, and thus to improve the safety of laparoscopic surgery. Other studies have failed to show a protective effect of IOC against intraoperative injuries, but these have been relatively small. 3, 4 Even in aggregate, these and other studies in the literature have insufficient statistical power to exclude a benefit of IOC.
Much debate has ensued since then as to whether, to conserve resources, IOC should be performed routinely 5, 6 or only selectively in patients with suspected stones. 4, [7] [8] [9] This debate has intensified in the laparoscopic era. Earlier Australian studies have shown that the use of IOC did change as LC was introduced, with cholangiography rates decreasing whether performed routinely or selectively and being replaced by endoscopic retrograde cholangiopancreatography (ERCP). 10 There was an associated marked increase in intervention, with endoscopic sphincterotomy rates increasing 240%. 10 The initial logic for this increase in the use of preoperative ERCP was the recommendation, when laparoscopic surgery was introduced, that LC should be performed in uncomplicated situations only. Although the procedure is now well established, preoperative screening for duct stones has continued. 11 However, although ERCP may diagnose duct stones, there are numerous disadvantages. Whether examined prospectively 10 or retrospectively, 6 75% to 89% of these procedures are unnecessary. Further, higher use of ERCP is predicted to be associated with unnecessary complications, particularly if sphincterotomy is performed, 10 as well as any utilization costs. 6, 11, 12 Using a linked database, we have previously shown that preoperative admission before cholecystectomy has increased nearly 50%, much of this for ERCP. 13 A final disadvantage of ERCP is that in replacing IOC, it diminishes experience in the technique and skills required for performing laparoscopic duct exploration. 9, 10, 12 Advocates of the use of selective rather than routine use of IOC have argued from several studies that selective investigation is safe and reduces costs. 7, 8 As stated above, these studies have insufficient statistical power to show clearly that the selective approach is safe. Further, they have been unable to factor in the cost of pre-and postadmissions and did not necessarily use the suggested gold standard, fluoroscopic IOC. 14 Others have, however, argued that the additional costs of routine IOC would be offset by reductions in costs from injuries [15] [16] [17] or reduced use of ERCP. 5, 6 The flip side of this argument is whether IOC or laparoscopic exploration of the CBD is also associated with specific complications. We can find little evidence from the literature regarding the frequency of complications of IOC at the population level. Case reports 18, 19 have described complications but may only reflect the dangers of balloon cholangiography catheters. We cannot exclude the possibility that such complications have occurred in our own population-based study, but we found that overall IOC was associated with a reduced frequency of bile leaks or bile duct injury. 1 There are now numerous reports of laparoscopic exploration of the CBD, 20,21 with a small incidence of complications. This may be an underestimation of the true frequency of such complications, because less experienced surgeons are possibly less likely to report their results.
METHODS
A previously existing database consisting of records of all patients (n ϭ 20,084) who underwent cholecystectomy in Western Australia between 1988 to 1994 was used for this study. In addition to records of the operative admission, the database includes records of all other admissions with a diagnosis related to gallbladder disease or other conditions relating to the same patients, so that patterns of previous and subsequent admissions can be studied. Admission diagnoses and procedure codes using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD9-CM) were obtained from the hospital discharge summary. A detailed description of this database is presented elsewhere. 1 We identified all patients who underwent ERCP before, during, or after the operative admission for cholecystectomy (n ϭ 1,571). Because the date of procedure is not included in the discharge information, we reviewed ERCP procedure reports, theater logs, and inpatient files for patients who underwent ERCP during their operative admission to determine whether they were performed before or after surgery. Fourteen patients had an ERCP on the same day as their surgery, and because it was not possible to determine whether they were preoperative or postoperative procedures, these were excluded from our analyses. We identified patients who had IOC from the ICD9-CM codes (n ϭ 11,403).
Other variables that we investigated were age, sex, year of surgery (divided into three periods: before, during, and after the introduction of cholecystectomy to Western Australia), type of surgery (open or laparoscopic), and admission diagnosis for the operative admission. Admission diagnoses were determined based on the ICD9-CM diagnosis codes. These were pancreatitis, cholangitis, CBD obstruction, CBD stone without mention of obstruction, acute cholecystitis, and all others (i.e., noncomplex presentations including other cholecystitis, cholelithiasis, and other biliary diagnoses). These diagnosis groups were not mutually exclusive; that is, patients who had a code for pancreatitis and for CBD obstruction would be included in both groups. Laparoscopic procedures converted to open were analyzed as laparoscopic.
The number of admissions for ERCP was analyzed rather than the actual numbers of ERCPs, because it was not possible to identify whether a patient had more than one ERCP at a given admission. Hence, the resulting data will slightly underestimate the total number of ERCPs performed.
Temporal trends in cholecystectomies, ERCPs, and IOCs were examined. Factors influencing ERCP and IOC utilization were analyzed using multiple logistic regression models. Data were analyzed in SAS. 22 
RESULTS

Trends in Cholecystectomy and Associated Procedures
Between 1988 and 1994, 20,084 patients underwent cholecystectomy in Western Australia. Laparoscopic cholecystectomy, first performed in late 1990, increased rapidly and by 1994 accounted for more than three quarters of cholecystectomies ( Fig. 1 ). This change was associated with a 25% increase in age-standardized rates of cholecystectomy in both men and women. Including procedures performed in preoperative and postoperative admissions, the period 1988 to 1994 was also notable for a nearly twofold increase in the frequency of ERCP associated with cholecystectomy. The largest increase, principally in preoperative ERCP, corresponded with the rapid increase in the use of LC between 1990 and 1992. Patients who had a laparoscopic procedure had a higher frequency of ERCP overall, but this decreased marginally over the study period ( Fig. 2) ; in open cholecystectomy, the frequency of ERCP more than doubled. Overall, 1,557 patients (accounting for 8% of all cholecystectomies) had a total of 2,043 admissions for ERCP, an average of 1.31 ERCP admissions per patient. Of these, 80% had one admission for ERCP, 15% two admissions, 4% three, and the remaining 2% four to ten. Because multiple ERCPs occurring during the one admission were not separately identified, the total number of procedures was underestimated.
In contrast to these trends, the percentage of patients who had an IOC decreased from 70% in 1990 to 42% in 1993 before increasing to 50% in 1994. In open cholecystectomy, the changes were similar to those for all cholecystectomies, whereas in LC the use of IOC was 48% in 1991 and remained stable until increasing to 55% in 1994.
To assess the extent of possible substitution of ERCP for IOC, Figure 2 also shows the total percentage of patients who had either IOC or ERCP. Overall, 16% of the decline in IOC and ERCP combined between 1988 and 1993 was offset by increased use of ERCP, although this varied between 20% in teaching hospitals and 11% in nonteaching hospitals. In open cholecystectomy, the increased use of ERCP was equivalent to 20% of the decline in IOC and ERCP combined. Again, this was substantially greater in teaching hospitals (38%) than in nonteaching hospitals (11%). Thus, whereas only a minor part of the overall decline in IOC could be explained by alternative use of ERCP, the partial substitution of ERCP for IOC does appear to be influenced by access to ERCP. In LC, the ratios of any ERCP and IOC remained constant throughout, with ERCP contributing about 10% of the total of IOC or ERCP. In this regard there was no difference between teaching and nonteaching hospitals. Of particular interest is the finding that the lower overall level of IOC from 1991 onward was due as much to the declining use in open cholecystectomy as to lower levels of use in LC.
Finally, these changes were accompanied by a 43% decline in the frequency of CBD exploration. This was due entirely to a very low frequency of CBD exploration in LC, which remained at less than 0.5% throughout, although 40% of these patients had IOC (Table 1 ). In contrast, CBD exploration in open cholecystectomy actually increased from 6.4% in 1988 -1990 and 1991-1992 to 9.1% in 1993-1994 (or from 9.0% to 18.6% in situations in which IOC was performed).
In view of the overall decline in CBD exploration, it is obviously of interest to determine the extent to which the increase in use of ERCP represents a wider shift in the management of stones in the CBD from surgical exploration to endoscopic removal of stones. We believe that this question can be answered only after careful validation of the coding of stones and procedures for their removal. Preliminary results based on existing administrative data do, however, support a substantial change in the management of stones in the CBD. During the period of the current study, the prevalence of stones (based on a coded diagnosis of stones or an explicit procedure code for removal of stones in either the index admission or pre-and postoperative admissions) in patients undergoing cholecystectomy increased marginally from 6.3% to 7.3%. The prevalence of "removed" stones increased from 5.4% to 7.0%. Of these, the percentage of stones removed by endoscopic means increased from 50% to more than 80%. Table 2 illustrates the methods used to visualize the biliary tree for different diagnoses during the study period. Not surprisingly, patients who had a diagnosis of pancreatitis, cholangitis, CBD obstruction, and CBD stones were much more likely to have an ERCP before surgery, with one third to one half of these patients having this procedure. The use of IOC was similar in all diagnostic groups. In patients with a diagnosis of CBD obstruction or CBD stones, even with extensive use of preoperative ERCP, CBD exploration was more common (40%), although it is possible that this is a circular association, with the diagnosis being determined by the procedure. The use of postoperative ERCP was highest in patients with a diagnosis of CBD stones (15%) and, not surprisingly, was higher in all the complicated diagnoses, compared with acute cholecystitis and cholelithiasis. The frequency of any duct imagining in acute cholecystitis (64%) was less than in patients with a diagnosis of pancreatitis (84%), cholangitis (84%), CBD obstruction (90%), and CBD stone (89%) and only marginally higher than uncomplicated presentations (62%). This is of concern because patients with acute cholecystitis appear more likely to have duct stones than those with noncomplicated presentations, having three times the rate of duct exploration (13% vs. 4%) and double the rate of postoperative ERCP (8% vs. 4%).
Trends in Investigation of the Biliary Tree by Diagnosis
The distribution of procedures shown in Table 2 does not take into account the dynamics of the changes in frequency of procedures already shown in Figures 1 and 2 . Changes in the percentage of patients who had any procedure to visualize the CBD during the three periods of the study are shown in Table 3 . As expected, the majority of patients who had a complicated presentation (pancreatitis, cholangitis, obstruction of the CBD, and stones in the CBD) had visualization of the CBD, and this did not change during the study period. Visualization of the CBD declined both in acute cholecystitis and all remaining diagnoses (percentage decreases of 10% and 21%, respectively) during the study period. Figure 3 shows these changes over time by type of procedure. In complicated presentations, there was an increase in the use of both preoperative ERCP and postoperative ERCP, and a decrease in both IOC and CBD exploration. Overall, the number of visualization procedures per patient increased marginally from 1.37 to 1.43. In acute cholecystitis there was also an increase in the relative frequency of use of preoperative and postoperative ERCP, and a decrease in IOC and CBD exploration. The net effect was a slight decrease in visualization procedures from 0.92 to 0.89 per patient. In uncomplicated presentations, which made up 80% of the study population, there was an increase in preoperative ERCP and an initial increase and then a decline in postoperative ERCP. This group showed the largest percentage decrease in the use of IOC (34%) and exploration of the CBD (50%), however. This contributed to a progressive decrease in visualization procedures per patient from 0.82 to 0.65 to 0.59. The net effect of these changes over all diagnostic groups was a progressive decrease in visualization procedures per patient from 1.06 in 1988 -1990 to 0.75 in 1993-1994.
Factors Influencing the Choice of Intraoperative Cholangiography and Endoscopic Retrograde Cholangiopancreatography
Apart from calendar period and diagnosis, several additional factors were found to be related to the use of IOC and ERCP. The unadjusted effects of these variables, together with the distribution of cases of cholecystectomy for each, are shown in Table 4 . Over the total study period, IOC was used more commonly in open procedures, in women, in younger patients, and slightly more frequently in nonteaching hospitals; ERCP (particularly before surgery) was used more frequently in association with LC, in men, in older patients and, not unexpectedly, in teaching hospitals. The relationships between these various factors, calendar period, and case severity are complex. The independent effects of these factors on IOC and preoperative and postoperative ERCP were assessed through logistical modeling, as described below.
Factors Associated With Intraoperative Cholangiography
The factors associated with IOC use were investigated using a multiple logistic regression model ( Table 5 ). After adjustment for all the variables in the model, use of IOC was found to be significantly less common in tertiary referral (teaching) centers (odds ratio [OR] ϭ 0.92), in older subjects (P Ͻ .0001), in men (OR ϭ 0.84), and in patients who had a preoperative ERCP (OR ϭ 0.67). Patients with a diagnosis of pancreatitis and CBD stone were more likely to have IOC (OR ϭ 1.39 and 1.57, respectively). Not unex-pectedly, there was a significant association between IOC and CBD exploration (OR ϭ 1.57). This model highlights the decrease in use of IOC during the study period, with an adjusted OR of 0.48 for the second period and 0.52 for the third.
There was a significant interaction between surgery type and a diagnosis of acute cholecystitis in this model. In 
Factors Associated With Preoperative Endoscopic Retrograde Cholangiopancreatography
The results of multiple logistic regression analysis of factors associated with preoperative ERCP are presented in Table 6 . Admission to a tertiary referral hospital for surgery was strongly associated with a preoperative ERCP, with an adjusted OR of 3.9. Endoscopic retrograde cholangiopancreatography was also associated with increasing age (P ϭ .0004), male gender (OR ϭ 1.61), and LC (OR ϭ 2.01). After adjustment for these factors, the frequency of ERCP was associated significantly with diagnoses of pancreatitis, cholangitis, CBD obstruction, and CBD stone (OR ϭ 7.24, 7.65, 30.05, and 13.48, respectively). Patients with acute cholecystitis were less likely to have preoperative ERCP, with an OR of 0.70 compared with patients with no complications. Finally, after adjustment for all other variables, Table 6 confirms the greatly increased probability of preoperative ERCP (OR ϭ 3.53) in the second and third periods of the study. There were no significant interactions in this model.
Factors Associated With Postoperative Endoscopic Retrograde Cholangiopancreatography
Postoperative ERCP included all ERCPs performed either after surgery during the surgical admission or during a later admission. The results of multiple logistic analysis of factors associated with this procedure are presented in Table  7 . Because the objective of this analysis was to investigate the use of ERCP under routine circumstances, we adjusted for the presence of intraoperative bile duct injury or leak, which we previously validated from medical records. Patients who had this type of complication were far more likely to have postoperative ERCP (OR ϭ 24.6). Other factors associated significantly with a higher frequency of postoperative ERCP were surgery in a tertiary referral hospital (adjusted OR ϭ 1.25), increasing age (P ϭ .045), and laparoscopic surgery (OR ϭ 1.32). After adjustment for these factors, clinical conditions associated with a higher frequency of postoperative ERCP were pancreatitis (OR ϭ 1.57), CBD obstruction (OR ϭ 2.19), CBD stones (OR ϭ 3.14), and acute cholecystitis (OR ϭ 1.31). Cholangitis diagnosed during the surgical admission was not associated with postoperative ERCP. Postoperative ERCP was also more likely in patients who had prior IOC or ECBD (OR ϭ 1.18 and 1.56, respectively). Preoperative ERCP was not included in this model, but the unadjusted OR for postoperative ERCP after preoperative ERCP was 3.20 in open cholecystectomy and 1.96 in LC. After correcting for intraoperative injury, this persisting need for postoperative ERCP despite preoperative ERCP, IOC, and CBD exploration suggests that imaging techniques do not always confirm or exclude duct stones, or that endoscopic or laparoscopic techniques of duct clearance may not be adequate. The OR for postoperative ERCP was increased in the second period of the study compared with the first, but not in the third period. There were no significant interactions in the model.
DISCUSSION
This population-based study, covering the period 1988 to 1994, has shown substantial changes in the frequency of diagnostic and therapeutic procedures used in the surgical management of gallbladder disease. We have shown a strong inverse association between trends in overall rates of cholecystectomy and the use of ERCP (increasing) and IOC and CBD exploration (decreasing) during the period of introduction and consolidation of laparoscopic surgery. This paper has attempted to determine the extent to which these phenomena are related and to assess the implications for surgical practice.
Despite the strength of the association between the decline in IOC on the one hand and the increase in LC and ERCP on the other, the latter can explain only a minor part of the absolute decline in IOC. For example, the increase in ERCP was equivalent to less than one fifth of the decline in IOC, whereas the greatest relative decrease in IOC occurred in open cholecystectomy. This is particularly surprising considering that open cholecystectomy, although also declining, was being used increasingly for complex cases in which the known or suspected prevalence of duct stones would have been high. In fact, we found (see Fig. 3 ) that there were substantial relative decreases in IOC even in complex cases.
Not surprisingly, the frequency of CBD exploration decreased by more than 40% in parallel with the decline in IOC. Paradoxically, this did not occur in open cholecystectomy, in which CBD exploration increased by 50% (or by 100% in patients who had IOC). In LC, however, CBD exploration remained at less than 0.5%, although IOC was performed in more than 40% of cases. With the overall decline in CBD exploration, the percentage of patients who had stones removed by surgical rather than endoscopic means decreased from 50% to less than 20%.
These results suggest, first, that the use of IOC has become more selective. The increased use of CBD exploration in open cholecystectomy, particularly in patients who do have IOC, suggests more successful targeting of patients with CBD stones. Similarly, lower levels of use of IOC in patients selected for LC compared with levels before the introduction of LC might have been expected if the latter were used selectively in patients in whom there is a relatively low suspicion of duct stones. Second, the greater use of preoperative ERCP in LC compared with open cholecystectomy suggests a substantial change in the management of CBD stones. Despite the demonstrated effectiveness of techniques of laparoscopic CBD exploration, 20, 21, 23 it appears that although IOC was performed in more than 40% of cases of LC, surgeons were less likely to proceed to surgical CBD exploration, generally resorting to subsequent endoscopic removal of stones if these were present. This is supported by Table 7 , which shows higher-than-average use of postoperative ERCP after IOC, whereas the opposite might be expected if CBD stones, demonstrated through IOC, had been dealt with successfully during surgery. Preoperative ERCP was used particularly in patients with cholangitis or with obstruction. This is appropriate. When compared with surgery, sphincterotomy for cholangitis has a significantly lower death rate. 24 In the presence of duct obstruction, particularly when there are multiple stones or the duct is dilated, endoscopic sphincterotomy improves drainage and reduces the risk of recurrent stones. 5 The dependence on ERCP/sphincterotomy for the remaining complex and noncomplex presentations is hard to justify (see Table 2 , Fig. 3) .
The presence of complications has also been one of the principal factors in the use of postoperative ERCP. After adjusting for cholangitis, which would be treated before or during surgery, a higher rate of postoperative ERCP was seen in both pancreatitis and duct stones with or without obstruction. Postoperative ERCP was also associated with a higher frequency of preoperative ERCP, IOC, and CBD exploration and LC. This would suggest that not only are the methods of laparoscopic duct exploration less than adequate, but preoperative ERCP has a significant failure rate in clearing the duct.
Our study has documented changes in the adequacy of visualization of the CBD, taking into account all the visualization procedures described here. Tables 2 and 3 showed that in the complex presentations of duct stones, 90% were visualized or explored, and that there was no change over time. If any change has been identified, it is the change in reliance on ERCP. Because one would have expected 100% visualization, this lower percentage may reflect either use of ultrasound to diagnose some conditions, such as gallstone pancreatitis, or underrecording of procedure codes. Visualization of the ductal system decreased in those with acute cholecystitis and those with noncomplex presentations. The former perhaps reflects the increased technical difficulty in cannulating the ductal system in the presence of acute inflammation. This suggests undervisualization of the ductal system. Patients with a diagnosis of acute cholecystitis had reduced rates of IOC and preoperative ERCP but increased rates of duct exploration and postoperative ERCP, suggesting a relatively higher prevalence of duct stones and also suggesting that some of these are being missed. It would seem that acute cholecystitis is an indication for IOC not only to avoid bile duct injury 1 but also to prevent retained CBD stones.
The changes described in this study have important implications for the use of resources. The question is raised, for example, of the extent to which savings from the declining use of IOC have been offset by unnecessary duplication of procedures. For example, in pancreatitis, CBD obstruction, and CBD stones, although there were marginal increases in the use of IOC (see Fig. 3 ), the increases in preoperative ERCP were far greater. Unnecessary duplica-tion of procedures is also suggested by the positive association between postoperative ERCP and both preoperative ERCP and IOC. We believe that preoperative ERCP should be reserved for patients with cholangitis and perhaps multiple stones in a dilated duct, with all others having LC, CBD exploration where necessary, and postoperative ERCP when that technique fails.
The economic assessment of the trends in surgical practice noted here must, however, extend beyond consideration of the direct costs of procedures to consider issues of safety, efficacy, and long-term outcomes. A key issue is whether the marginal cost of routine rather than selective IOC would be offset not only by reduced use of ERCP but also by a reduction in retained stones and less common but expensive major intraoperative complications. To date there have been no comprehensive population-based cost studies that describe fully the impact of these complex changes. Most recent studies of the cost of gallbladder surgery have focused on differences in the costs of LC and open cholecystectomy. In general these have shown lower operating room and total hospital costs or indirect costs incurred by patients, [25] [26] [27] [28] [29] although some studies have drawn attention to the extent to which savings are partially offset by increased cholecystectomy rates associated with the introduction of LC, as reported here. 30 -32 Cost utility studies 33 have also shown economic advantages of LC over open cholecystectomy, but these have not factored in intraoperative complications or long-term outcomes, nor have they taken into account the costs of ERCP procedures in associated admissions.
Traverso and Hargrave 26 described in detail the costs of LC in a center where IOC is routinely performed. Radiology contributed to about 5% of total operating room costs, or just less than 4% of total hospital costs. In patients with demonstrated CBD stones, the additional costs of transcystic flushing of the CBD or laparoscopic BDE exploration were also provided. Costs of associated ERCP were not included, but length of stay in patients who underwent postoperative ERCP was 3.3 days compared with 1.7 days in patients that underwent laparoscopic CBD exploration.
A feature of these reports is that they are based exclusively on index admissions for cholecystectomy and do not take into account pre-and postoperative admissions, within which most ERCP procedures occurred. Although not described here, we have noted marked increases not only in pre-and postoperative ERCP but also in other admissions for biliary disease and related conditions within 12 months of index admissions. True assessment of the impact of new technologies on hospital costs in biliary disease will thus depend on longitudinal, population-based studies that take into account all relevant admissions. Such a study is now in progress.
Finally, we believe that this study has important implications for surgical training. After adjustment for case complexity and other factors such as age, gender, and type of cholecystectomy, our study has shown that in teaching hospitals the use of preoperative ERCP was almost four times greater than in other hospitals, together with a moderately increased frequency of postoperative ERCP and lower use of IOC. Trends in these procedures over time were also accentuated in teaching hospitals. The trend toward replacement of IOC by preoperative ERCP has thus been selective, as shown by Kozarek. 11 This may reflect bias from the availability of ERCP in teaching hospitals but may also relate to referral of high-risk patients to teaching hospitals to an extent that has not been adequately recognized in the logistic regression models used in our study. These trends and the associated reductions in use of IOC and CBD exploration, particularly in teaching hospitals, are likely to affect the training of the next generation of surgeons in biliary surgery. "Biliary" surgeons would be hardpressed to define themselves as such if they were unable to manage the second most common problem in the biliary tree, the duct stone.
This study and our previous study relating to intraoperative injuries have covered the relatively short period of the introduction of LC-the so-called learning curve. Further changes can be expected as the result of well-founded clinical studies of new techniques and new procedures for biliary disease. Ongoing population-based studies, ideally using record linkage to provide person-based information derived from all relevant admissions, are required to monitor the impact of these changes on surgical practice, on long-term clinical outcomes, and on costs to patients and the healthcare system.
